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Protein-bound sulfhydryl groups are necessary for cellular respiration. They
are essential for the activity of a large number of enzymes and act as chemical
linkages between proteins and some prosthetic groups. They also have an effect
on the activity of antibodies, toxins, blood coagulation and cell permeability.
Sulfhydryl groups play some part in the production of keratin (8, 9). There is
some speculation that —SH groups in the stratum granulosum are converted
to S-—S groups in the stratum corneum during the processes of both "hard"
and "soft"t keratinization. Preliminary to the study of the effects of —SH
group reactants (arsenic, mercury, tar, ultraviolet light and x-radiation) on kera-
tinization, it was necessary to evaluate —-SH distribution histochemically.
Three stains have been used rather extensively to detect —SH groups, espe-
cially in animal experimentation. Mescon and Flesch (13) reported the dis-
tribution of —SH groups in human skin with the use of Bennett's reagent, 1-(4-
chloromercuriphenylazo)-naphthol-2. Barrnett (4) reported the distribution of
—SH groups in rat skin, based on reaction of 2,2'-dihydroxy-6,6'-dinaphthyl
disulfide with the sulfhydryls of tissue and followed by conversion to a colored
azo dye at the sites of protein-bound sulfhydryl groups, by coupling with tetrazo-
tized diorthoanisidine. Chèvremont and Frederic (6) reported the —SH distribu-
tion in guinea pig and human skin, applying the reduction of ferric ion and pre-
cipitation of ferrous ferricyanide. It was our presumption that three good stains
for the demonstration of these groups should be evaluated to locate the —SH
groups before determining the effects of —SH group reactants.
MATERIALS AND METHODS
For the histochemical demonstration of protein-bound sulfhydryl groups,
human tissue was obtained from either autopsy or biopsy and immediately fixed
in 80 % ethyl alcohol for 24 hours. Barrnett (4) suggests using 1 % trichloracetic
acid in 80 % alcohol, but we could detect no visible decrease in —SH groups
when the trichloracetic acid was omitted. After fixation, the tissues were dehy-
drated, embedded in paraffin in the usual manner, sectioned at 5 microns, and
mounted on slides with distilled water. At this thickness and by using slides
freshly cleaned in alcohol, we experienced no difficulty with sections falling off
the slides, even after 5 days of incubation in blocking agents.
We also used the freeze-drying method of Glick and Malmstrom (10) to see
* From the Department of Dermatology and Syphilology, Army Medical Service Grad-
uate School and Walter Reed Army Hospital, Washington, D. C.
Received for publication July 7, 1954.
f Many investigators believe that these terms should not be used.
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if the —SH groups were being oxidized or differently distributed by alcohol
fixation. Sections prepared using this procedure showed no difference from those
fixed in 80% alcohol.
After a routine hematoxylin and eosin stain, the following methods were used
for the three sulfhydryl stains. In order to obtain the most distinct color for
staining human skin, several variations were used on each stain.
1. Barrnett:
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This stain was used according to Barrnett's directions (4) except that the time
of incubation in warm buffered 2, 2'-dihydroxy-6 ,6'—dinaphthyl disulfide was
increased from one hour to one and one-half hours. This brightened the color
and gave more distinct differentiation.
2. Bennett:
R—SH + —
R-SHG-II—NN—\
+ Ht + CL—
The modification described by Mescon and Flesch was used except that the
dye was dissolved with the use of a glass tissue grinder (Teflon) and the slides
were incubated for twenty-four hours instead of three hours. When the dye was
crushed in the tissue grinder, considerably more was dissolved and a markedly
brighter stain was achieved.
3. Chèvremont-Frederic:
2 R_SH12FEt"f ' R—S—S—R +2FE
2FE(CN)+3FE ' FE3 [FE(CN6) 12 4'
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This method has been modified recently by Lillie (11). We, in turn, have modi-
fied Lillie's method by using a more concentrated solution of dye, followed by
an acid bath. Ten cc. of fresh 0.5% potassium ferricyanide were added to 40 cc.
of 1 % ferric chloride. The slides were incubated for 15 minutes and then washed
for 5 minutes in 1 % hydrochloric acid. This acid bath helped to remove the
green haze caused by ferric ferricyanide and left the blue precipitate of ferrous
ferricyanide, indicating the location of —SH groups.
Blocking Agents:
In attempting to prove the specificity of these stains, we used numerous block-
ing agents to tie up the —SH groups, either by oxidizing, alkylating, or mer-
eaptide-forming reactions. The conditions used for blocking are very important
in determining how extensive the blockage will be. For this reason a great many
reagents were used under a wide variety of conditions. We have listed most of
these blockades in Table 1, showing the variations used in concentration, time
pH and temperature. The optimum conditions for the blockades are indicated
in the chart and a column is included which shows the mode of action of each
reagent. In evaluating the blockades, "good" indicated a decrease in intensity
or complete disappearance of the color produced by all three stains. "Fair" indi-
cated an inconsistent decrease in intensity with all three stains. "Poor" indi-
cated little or no decrease in the intensity of the stain.
TABLE 1
Sulfhydryl blockades
Range of Conditions Attempted Evaluation
Blocking Agent .__ Optimum Conditions Mode of Action of
Concent. Time p11 Temp. Blockade
hrs. °C.
1. n-ethyl 1—2% 2—120 5—9 23—37 1%, 18 hrs., pH alkylating good
maleimide 8.5, 23°
2. iodoacetic acid 1—2% 2—120 3—9 23—50 1%, 18 hrs., pH alkylating good
8.5, 37°
3. iodine + p0- 1—2%t 2—120 4—9 23—50 1% I + 2% KI, oxidizing fair
tassium iodide 2—4% pH 8.5, 18 hrs.,
37°
4. mercuric chlo- 1—6% 2—120 5—8 23—37 6%, 18 hrs., pH mercap- fair
ride 7, 23° tide
forming
5. hydrogen per- 3—15% 2—120 7—8 23 10%, 12 hrs., pH oxidizing poor
oxide 7, 23°
6. iodoacetamide 0.5—1% 4—24 8.5 23—50 0.5%, 12 hrs., pH alkylating poor
8.5, 23°
7. oxidized gluta- 3% 8—24 7—9 23 3%, 18 hrs., pH oxidizing poor
thione 8.5, 23°
8. p-chloro-mer- 0.2—1% 4—24 5—9 23 mercap- nega-
curibenzoate tide tive
forming
9. sodium per- 1% 4—24 5—9 23 oxidizing nega-
borate tive
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We found none of these blockades to be as successful as we hoped. A basic
solution is much more conducive to inhibition and so the solutions were adjusted
to pH 8 with sodium hydroxide or sodium bicarbonate. To make sure the chemi-
cals were not carried over into the staining jars, the slides were always washed
thoroughly in four changes of distilled water for forty-five minutes before carry-
ing out the staining procedure. We found that different blocking agents had
different effects on the three stains. The blue stain, Chèvremont-Frederic's fer-
rous ferricyariide, is best blocked after using mercuric chloride (6%, 18 hours,
pH 7, 23° C.). The purple stain, Barrnett's DDD, is inhibited most by n-ethyl
maleimide (1 %, 18 hours, pH 8, 23° C.). Bennett's orange stain gives the faintest
color after using iodoacetic acid as a blockade (1 %, 18 hours, pH 9, 37° C.). Al-
though none of these blocking agents completely eliminated color formation,
we found that, in general, the best one was n-ethyl maleimide and the next best
was iodoacetic acid
RESULTS
The epidermal keratin stained quite intensely (Figures 4, 5, 6) with all three
stains (Table 2). The keratin which was immediately above the granular layer
stained more intensely than the topmost layer of keratin. The greater intensity
just above the granular layer may be partially due to the closer packing of kera-
tin that exists in this area.
TABLE 2
Intensity and distribution of —SH groups in human skin
Bennett Barrnett Chevreflloflt-
Stratum corneum
-4----- ++++ ++++
Granular layer +++ ---f--- ----
Spinous layer ++ ++ ++
Basal layer +++ +++ ++
Clear cells + ++ +
Basement membrane — — —
Collagen + + +
Elastic fibers — — —
Capillaries +++ +++ +++
Hair-Fibrillation zone ++ ++ ++
Unstable fibrils ++ +-f-+ +++
Consolidation zone +++ ++++ ++++
Fully hardened cortex + + +
Sebaceous glands-Epithelium ++ +++ ++
Secretory cell + + +
Arrector Pili muscle ++ ++ ++
Eccrine glands ++ +++ ++
Apocrine glands ++ +++ ++
Fat cell (cell membrane) ++ ++ ++
Nerve cells ++ -f-+ ++
++++ very strong. +++ strong. ++ moderate. + weak. — negative.
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The granular layer appeared to be quite intensely stained in some sections of
all three stains, but this finding was inconsistent. The keratohyalin granules
can be seen with all three stains, but appear to be more intensely stained with
the Chèvremont-Frederic stain. These grannles may acconnt for the more in-.
tense stain seen in the granular layer of some sections.
The nuclei were usually lightly stained except at the periphery where the stain
was quite intense. The cytoplasm stained very lightly except at the periphery
where the stain was more intense particularly in the area of the prickles in the
rete layer. In some sections the prickles were intensely stained.
The basal cells stained just like the rete cells with all stains but pigment could
be seen quite clearly with Barrnett's stain. The clear cell nuclei stained like the
other nuclei, but the cytoplasm did not stain.
The collagen stained very lightly with all three stains (orange with Bennett's
stain, pink with Barrnett's stain and light blue-green with the Chèvremont-
Frederic stain) indicating that collagen has a small number of —SR groups.
The elastic tissue could not be differentiated with these stains.
The endothelial cells of blood vessels, basal cells of sebaceous glands and the
ductal and secretory cells of the apocrine and eccrine glands stained like rete
cells with a greater concentration of —SR groups at the periphery of the nuclei
and cytoplasm. The fibroblasts also stained like rete cells.
The sehaeeous gland cells developed some staining of the fine reticulum of the
cytoplasm, and the nuclei stained like all other nuclei. The subcutaneous fat
cells stained at the periphery. With all three stains, the bulb of the hair stained
like rete cells but the reaction became very intense in the zone of fibrillation
(Figures 1, 2, 3) and persisted in the zone of unstabilized fibrils. Beyond this
zone, small streaks of —SR stain could be seen along the remaining length of
the hair especially in the medulla. The external sheath stained like rete cells.
The internal sheath reacted less intensely but its outer layer stained very
strongly.
DI5CU55ION
Barrnett stressed the shortcomings of the Chèvremont-Frederie (ferrous fern-
cyanide) and Bennett 1- (4-chloromercuriphenylazo) -naphthol-2 methods for
demonstrating —SR groups. Re stressed the fact that the Chèvremont-Fredenie
stain would reveal the presence of any reducing groups and that many controls
were necessary before safe conclusions could be reached. Although Barrnett
thought that Bennett's reagent was specific, he felt that the disadvantage was
the light orange color that was produced.
After comparing all three —SR stains using serial sections of the same tissue,
we felt that the locations and intensities of —SR groups in human skin were in
very close agreement. The epidermal keratin stained quite intensely with all
three stains. The keratin which was immediately above the granular layer stained
more intensely than the topmost layer of keratin. The increased intensity just
above the granular layer may be partially due to the closer packing of keratin
that exists in this area.
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In spite of the criticisms which are invoked against the Bennett and Chèvre-
mont-Frederic stains for —SH groups, the distribution of —SH groups was the
same as with Barrnett's stain. When Bennett's stain is prepared properly, the
various shades of orange can be interpreted as well as the blue and purple colors
that develop with Chèvremont-Frederic and Barrnett stains.
It is true that other reducing substances may cause a blue stain with the
ferrous ferricyanide seen in the Chèvremont-Frederic technique, and Lillie be-
lieves that these reducing compounds exist in the skin of humans. The distribu-
tion of —SH groups with this technic was in perfect agreement with the Barrnett
and Bennett stains.
The blockade that was most successful was n-ethyl maleimide. Even with
this blockade, the —SH groups were not all bound, especially in the epidermal
and hair keratin where the blockade was only minimal. The iodine blockade was
only partially successful, but the residual orange or orange-brown color that
develops will usually obscure the color that may develop with the —SH stains
if any —SH groups have not been blocked.
Most of the blockades that were proposed to be successful such as mercuric
chloride, oxidized glutathione and iodoacetic acid would give only very minimal
blockade in spite of prolonged incubation and varying concentrations. Complete
blockades of —SH groups did not occur with any of the blockades used in this
experiment.
SUMMARY
The three —SH stains used in this experiment (Barrnett, Bennett and Chèvre-
mont-Frederic) were in agreement as to the distribution of human epidermal and
dermal —Sil groups. Although the Chèvremont-Frederic stain has been criticized
for being non-specific, nevertheless, the distribution of —SH groups in skin com-
pared favorably with the other —SH stains.
Blockades which should prove the specificity of the stains were, in general,
quite unsatisfactory, with n-ethyl maleimide being the most effective.
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